The asymmetric synthesis of ( -)-and (+ )-cucurbitine was carried out by a method involving 1,3-dipolar cycloaddition of the intermediary azomethine ylide and pig liver esterase (PLE)-catalyzed hydrolysis. The thio analogue, (-)-3-aminotetrahydrothiophene-3-carboxylic acid, was also synthesized.
( -)-Cucurbitine (-)-1), 2) an derivative as a shift reagent. The carboxyl group of (+)-7 was then converted to the amino group with retention of configuration through Curtius rearrangement. Thus, the half ester ((+)-7) was treated with ethyl chloroformate in the presence of triethylamine, and then the reaction mixture was treated with sodium azide. After the usual work-up, the crude product was subjected to thermal rearrangement in benzene and treated with 20% HCl solution to afford ( -)-9. The debenzylation of ( -)-9 with H2/Pd-C gave ( -)-1, natural cucurbitine, in 40% yield from the half ester. The infrared (IR) spectrum of the product was identical with that reported for an authentic sample. 3) Diethyl pyrrolidine-3,3-dicarboxylate (10), prepared from 6 by catalytic hydrogenolysis, was subjected to similar asymmetric hydrolysis for 12 h to give the half ester (( -)-11). No. 9 3847 Through Curtius rearrangement, (-)-11 was converted to unnatural cucurbitine ((+)-1). The optical yield was determined to be 20% ee based on the optical rotation.
We also synthesized the thio analogue, 3-aminotetrahydrothiophene-3-carboxylic acid (2) from diethyl tetrahydrothiophene-3,3-dicarboxylate (14). The diester (14) was synthesized by 1,3-dipolar cycloaddition of the intermediary thiocarbonyl ylide (13), derived from bis(trimethylsilylmethyl)sulfoxide (12),5) with diethyl methylenemalonate (5) in hexamethyltriamide phosphate (HMPA) at 100 °C, followed by hydrolysis with PLE at 25 °C in pH 8.0 phosphate buffer solution. A pH value of 8 was maintained by addition of 1 N NaOH. The half ester ((-)15), obtained in 83% yield, was then treated successively with ethyl chloroformate at 0 °C in acetone and with sodium azide. The resulting azide derivative was subjected to thermal rearrangement in benzene followed by refluxing in 20% HC1 solution to afford the thio analogue ((-)-2) in 85% yield. By direct desulfurization of (-)-2 to isovaline ((+)-16)) with Raney-Ni, the absolute configuration and optical yield of (-)-2 were determined to be 3-(S) and 6% ee, respectively.
Interestingly, in the asymmetric hydrolysis of the pyrrolidine (10) and the tetrahydro thiophene (14), the pro-R ester group was hydrolyzed, whereas in the case of the Nbenzylpyrrolidine derivative (6), the pro-S ester group was cleaved. Although the optical yields, 6-20% ee, were not as high as expected,10) we have established short routes for asymmetric syntheses of chiral cucurbitine and its thio analogue. Diethyl N-Benzylpyrrolidine-3,3-dicarboxylate (6) A 1 mo1/1 solution of trifluoroacetic acid in CH2C12 (1 ml) was added to a mixture of N-benzyl-N-(methoxymethyl)trimethylsilylmethylamine (3)4) (2.87 g, 12 mmol) and diethyl methylenemalonate (5) (1.72 g, 10 mmol) in CH2C12 (6 ml) in an ice-water bath. The reaction mixture was stirred for 2 h, washed with saturated NaHCO3 and saturated NaC1, dried over MgSO4, and concentrated under reduced pressure. The residue was purified by silica gel column chromatography with benzene-tetrahydrofuran (THF) (
A mixture of PLE (300 unit) and 6 (1.155 g, 3.79 mmol) in 0.1 M phosphate buffer of pH 8.0 (30 ml) was stirred vigorously at 25 °C for 4 h. The pH value was adjusted to 10, then the solution was washed with CH2C12, neutralized with 3 N HC1, and concentrated under reduced pressure. CHC13 was added to the residue. Insoluble material was filtered off and the filtrate was concentrated under reduced pressure to give an oil, 660 mg (63%). 
